Supplementary Figure 3. Measured F-D curve during hemifusion of bilayers (red points, also shown in main text, FR2 in
) and theoretical analysis for hemifusion. The overall model (black curve) includes contributions from hydrophobic interactions (green curve), steric-hydration repulsion (blue curve), and electrostatics (red curve). The model predicts hemifusion at the turning point in the curve (where it changes from attractive to repulsive), indicated by the thick black arrow. The thick red arrow is the point at which slow hemifusion was measured (see Fig. 3 ). The theoretical curve predicts the "equilibrium" fusion barrier, while the measured barrier reflects the slow rearrangements discussed in the main text. (Fig. 3a) . Hemifused bilayers resulted in adhesion energy, W ad =-22.9 mJ m , respectively. (c) Using the Essential Macleod software with quarter wave plates with layer thicknesses given in b, the solid line shows that the reflectance through the whole system (quarter wave plate -3 µm mica -100 nm air -3 µm micaquarter wave plate) is high up to 580 nm and low below that value (and highly transmittive above 580 nm). The dotted line shows the reflectance from the same stack, but with a 10 nm air gap instead of 100 nm. The transition from reflective to transmittive at 580 nm was confirmed using an Optical Film Thickness tool (Filmetrics) and the Multiple beam interference technique.
Supplementary Figure 4. High compression induced hemifusion (FR4) and consequent force runs (FR5) performed after FR3

Supplementary Note 1
Theoretical analysis of hemifusion
As measured previously 1, 2 , hemifusion occurs when the hydrophobic core of the bilayer is exposed, causing attractive hydrophobic forces to overwhelm repulsions due to electrostatics and steric forces. Therefore, the theoretical analysis presented here uses equation 1 shown below that includes contributions from elastic deformations of the membrane, hydrophobic, electrostatic, and sterichydration interactions, which was previously derived for light-responsive bilayers
This equation is derived fully in previous work, but briefly, the first term accounts for the elastic bending energy of the membrane, the second term is the reference state energy at D  ∞, the third term is the hydrophobic attraction, the fourth term is the electrostatic repulsion, and the final term is the steric hydration repulsion. In these experiments, representative values are used for the equilibrium headgroup area, a 0 = 50 Å As shown in Figure S3 , the theoretical analysis described above quantitatively accounts for the long range and short range forces during bilayer hemifusion. The black curve shows the theoretical curve while the red points are the same experimental points shown in the main text (Fig. 3) . The theoretical breakthrough occurs at a distance of about D = 8.8 nm, close to the thickness of two bilayers, 2D B = 9 nm. The fitted parameters are similar to those in previous work, indicating that the mechanism for fusion is likely the same, i.e., compression results in thinning and spreading of the bilayer, resulting in hydrophobic pores and hydrophobic attraction between the bilayer interiors on opposite surfaces. The measured force barrier is larger than the predicted barrier at equilibrium, reflecting that the hemifusion processes of compressing the bilayers and molecular rearrangements within the bilayer occur slowly and dynamically.
